Introduction {#sec1-1}
============

Fisheries and aquaculture play an important role of international trades and food sector and supplied the world with about 128 million tones of fish in 2010 as food for people (Jinadasa, 2014). With sustained growth in fish production and improved distribution channels, world fish food supply has grown dramatically in the last five decades, with an average annual rate of 3.2 percent in the period 1961-2013, double that of population growth, resulting in increasing average per capita availability (FAO, [@ref7]).

Crustaceans and cephalopods often come from fishing areas located far from seafood markets, so they are treated with additives to limit the onset of melanosis and immediately frozen (Smaldone *et al.*, [@ref23]). In relation to consumer demand, they are then often sell as defrosted. However, fresh crustaceans and cephalopods are also present on the market.

Fish and shellfish are highly perishable, and prone to vast variations in quality due to differences in species, environmental habitats, feeding habits and action of autolysis enzymes as well as hydrolytic enzymes of microorganisms on the fish muscle (Venugopal, [@ref26]).

In assessing the shelf life of food products, indicators of deterioration and spoilage should be identified as well as their levels of acceptability. Protein and lipid degradation molecules are the main indicators typically used (Haouet *et al.*, [@ref11]). In crustaceans and cephalopods, the low amount of fat makes difficult the evaluation of lipid degradation, while for protein spoilage there is a lack of data in literature.

The quality and the freshness of fish can be estimated by sensory tests, microbiological methods or by chemical methods such as measuring volatile compounds, lipid oxidation, determination of ATP breakdown products and the formation of biogenic amines (Gulsun *et al*., [@ref8]).

Volatile amines are the characteristic molecules responsible for the fishy odour and flavour present in fish several days after the catch and they are commonly used as criteria for assessing the fish quality. Ammonia is present in freshly caught fish muscle at an average concentration of 10 mg/100 g wet weight and increases during chilled storage by endogenous and bacterial enzymes deamination activities. According to some authors, ammonia is a poor indicator of fish freshness and cannot be considered as an effective marker of fish spoilage (Paarup *et al.*, [@ref18]).

Enzymatic and bacteriologic activity can rapidly decrease the protein content and quality of seafood that become stale; some ammonia, trimethylamine, dimethylamine and others volatile basic nitrogenous compounds are produced, which together are called TVB-N (Fallah *et al*., 2015; Wu and Bechtel, [@ref27]). Total volatile basic nitrogen (TVB-N) is considered as an important characteristic for the assessment of quality in seafood products and appears as the most common chemical indicators of marine fish spoilage (Amegovu *et al*., [@ref3], Wu and Bechtel, [@ref27]). During decomposition of seafood, various amounts of biogenic amines are also usually produced, depending on the fish species (Lehane and Olley [@ref14]; Prester *et al.*, [@ref19]) and have been proposed as a freshness indicator of fish products, including cuttlefish and crustacean. The most common biogenic amines associated with seafood spoilage are histamine, tyramine, putrescine and cadaverine (Lehane and Olley, [@ref14]). They are formed by bacteria naturally present in decomposed fish that decarboxylate the corresponding free amino acids (Halász *et al*., [@ref9]; Önal, [@ref17]).

Although some levels were proposed for TVN-B and biogenic amines as indicators of freshness and decomposition, there is a general lack of data in literature and no limits are established and recognized.

The aim of the study was to assess limits of acceptability of TVB-N and biogenic amines, as indicators of freshness, in crustaceans and cephalopods, comparing their concentrations with sensory evaluation.

Materials and Methods {#sec1-2}
=====================

A total of forty-nine crustacean and cephalopod samples were purchased in different days in several fish shops and warehouse stores sited in Perugia (Central Italy).

Crustaceans were represented by nine batches of fresh deep-water rose shrimps (*Parapenaeus longirostris*), nine batches of defrosted argentine red shrimp (*Pleoticus muelleri*) and seven batches of frozen Norway lobster (*Nephrops norvegicus*). Cephalopods were all represented by common cuttlefish (*Sepia officinalis*) of which nine batches were fresh and twelve defrosted. One sample of each batch was immediately analysed and the other stored at temperature ranging between 2 and 4°C, reflecting domestic storage conditions. Each day following purchase, one sample was collected and submitted to evaluation.

Analytical determinations of TVB-N and biogenic amines (putrescine, cadaverine, histamine, tyramine, spermine and spermidine) were carried out. BAI was calculated following the formula (Haouet [@ref10]): The sensory evaluation was performed by five trained assessors following a modification of the Quality Index Method (QIM), assigning to the whole seafood product a score based on a scale from 0 to 3 demerit points (0: fresh; 1: onset of decay; 2: significant decay; 3: advanced decay). The sample storage condition score was based on the following attributes: for both cuttlefish and crustaceans, appearance, colour, odour, texture of the flesh, cornea and pupil of the eyes; for cuttlefish, mucus of the skin, colour, odour and mucus of the mouth region and presence of material in the sucker of arms; for crustaceans, melanosis appearance.

The limits of acceptability of TVB-N, biogenic amines and BAI were assessed at score 1 of the sensory evaluation.

Each sample was analysed in triplicate (three times with independent analysis per sample).

Statistical analysis of data was performed using the one-way analysis of variance (Little and Hills, [@ref15]). Correlations between sensorial scores and analytical results were evaluated performing a linear regression plot of data ([Figures 1](#fig001){ref-type="fig"} and 2) and using the Bravais-Pearson correlation coefficient.

TVB-N was performed following a modification of the method of Regulation EC N. 2074 (2005). 0.1 N sulphuric acid solution was obtained from Carlo Erba (Italy); 2% boric acid solution, 3 mg mL^-1^ ammonium chloride solution, silicone as an anti-foam, Tashiro indicator and magnesium oxide were obtained from Sigma- Aldrich (Switzerland); pumice stone was purchase from Fluka (USA); Milli-Q water was produced from a Milli-Q system (Millipore, USA).

Five g of homogenised sample was transferred into a test tube and 70 mL of MilliQ water, some drops of silicone as anti-foam and few pieces of pumice stones were added; after a maceration phase of 30 minutes, a receiver flask containing 25 mL of boric acid at 2% and three drops of Tashiro indicator was prepared. After the maceration phase, 1-2 g of magnesium oxide was added to the test tube containing the sample. The receiver flask and the tube containing sample were then arranged into the distillation unit's positions and the instrument was started. At the end of distillation, the solution turned to an emerald green colour, titrated with 0.1N sulphuric acid until colour turned to violet. A parallel blank solution was performed using all reagents and Milli-Q water instead of sample.

The calculation of TVB-N (mg/100 g) was done with the following formula: where V~1~ is the volume in mL of sulphuric acid used for sample titration; V~0~ is the volume in mL of sulphuric acid used for blank titration; M is the sample weight; 14 is the molecular weight of nitrogen; 0.1 is the normality of sulphuric acid.

The determination of biogenic amines concentrations was performed following modifications of the procedures described by Zhai *et al.* ([@ref29]) and Rea et al. ([@ref20]). The reference materials (histamine dihydrochloride 99%; tyramine hydrochloride 99%; cadaverine dihydrochloride 99%; spermine tetrachloride 99%; putrescine dihydrochloride 99% and spermidine trihydrocloride 98%), dansyl chloride (Dns-Cl, 99%) for dansylation, 1,7-diaminoheptane (98%) as internal standard (IS), acetonitrile, HPLC grade, and acetone, HPLC-grade, were obtained from Sigma-Aldrich (USA). Trichloroacetic acid (TCA) was purchased from Carlo Erba (Italy) and deionized water was produced from a Milli-Q system (Millipore, USA).

Stock solution of the biogenic amines were prepared to concentrations of 10 mg/mL in Milli-Q water. A working solution (20 ppm) was prepared by diluting 200 μL of intermediate solution of 1 mg/mL in Milli-Q water to a final volume of 10 mL. The internal standard solution was prepared by dissolving 25 mg of 1,7- diaminoheptane in 25 mL Milli-Q water. The Dns-Cl solution (10 mg/mL) was prepared by dissolving 500 mg of Dns-Cl in 50 mL of acetone. All solutions were kept at a temperature of 4°C prior to use.

Biogenic amines were extracted transferring a 5 g slurry of each sample into a centrifuge tube containing 20 mL of 5% (w/v) trichloroacetic acid (TCA) and 100 μL of 1,7-diaminoheptane. The mixture was vortexed for 15 min and then centrifuged at 10,000 g for 5 min at 4°C. The supernatant was collected and the residue was extracted again with the same volume of TCA. The supernatant was collected and the residue was extracted again with others 10 mL of TCA. One mL of sample solution was then mixed with 200 μL of 2M sodium hydroxide and 300 μL of saturated sodium carbonate. Under the alkaline conditions, the mixture was derivatives by the addition of 2 mL Dns-Cl. After incubation for 45 min at 40°C, 100 mL of 30% ammonium hydroxide was added to remove any residual Dns- Cl. Finally, the mixture was centrifuged at 6000 g for 5 min, and the supernatant was filtered through 0.45 mm-pore-size filters prior to HPLC analysis. Quantification of the biogenic amines was carried out by using a reverse phase HPLC UV-DAD and HP ChemStation software (AGILENT 1200). A Grace Smart C18 column (250 mm_4.6 mm, 5 mm) was used for separation. Water Milli-Q (solvent A) and acetonitrile (solvent B) were used as mobile phases with a gradient system of eluition. The flow rate was 1.0 mL/min and the temperature was 30°C. The sample was detected at 520 nm (emission wavelength) with an injection volume of 20 μL.

Results and Discussion {#sec1-3}
======================

Fish quality is a complex concept involving a whole range of factors, which for the consumer include for example: safety, nutritional quality, availability, convenience and integrity, freshness eating quality and the obvious physical attributes of the species, size and product type. Information about handling, processing and storage techniques, including time/temperature histories that can affect the freshness and quality of the products is very important for the partners in the chain (Abbas *et al*., [@ref1]). The influence of processing such as chilling, ice storage, slurry ice, freezing, cooking, canning and packaging including modified atmosphere packaging are of concern.

Fish decomposition is very complex (Hungerford, [@ref12]). The sensory evaluation of most of the fishes is not sufficient to detect the quality of fish; therefore, chemical testing is required (Prester, [@ref19]). Volatile amines are commonly used as criteria for assessing the fish quality. Besides, formation of biogenic amines in fish is species specific; it is much higher in histidine- rich (dark muscle) fish than in histidine- poor fish (white muscle) (Auerswald *et al*., [@ref4]; Prester, [@ref19]).

For crustaceans, the scores of the sensory evaluation were 1 in four just purchased samples (25%) and 0 in all the 12 others (75%), and 1 in three defrosted specimens (33%) and 0 in the six others (67%). For cuttlefish, the sensory evaluation score was 0 for all just acquired samples. The score of 1 (onset of decay) was generally observed after few days of storage at the temperature of 2-4°C and was necessary to assess limits of acceptability of TVB-N, biogenic amines and BAI. Interestingly, it should be noted that in advanced condition of decay, a strong ammonia smell was associated with high values of TVB-N while a fecal odour was associated with a wide increase of putrescine and cadaverine.

The results of TVB-N, putrescine and cadaverine in the different specimens of crustaceans and cuttlefishes collected are reported in [Table 1](#table001){ref-type="table"}, and those obtained for the total of crustaceans and cuttlefishes are shown in [Table 2](#table002){ref-type="table"}.

We can observe that the obtained levels of both TVB-N and biogenic amines are lower in defrosted products than in fresh one ([Table 1](#table001){ref-type="table"}). Among fresh crustaceans, the basal levels of TVB-N (just acquired) are significantly lower in lobster than in rose shrimp and argentine red shrimp 18 *vs*. 34 mg/100 g). Several other authors have suggested that TVB-N could be a good quality indicator for crustaceans; in Australia and Japan it is commonly used as a quality index for shrimps, for trade purposes, setting a limit of acceptability at 30 mg/100 g (Smaldone *et al.*, [@ref23]). Instead, in our study, the level of TVB-N in samples at the onset of decay was higher resulting 42 mg/100 g in crustaceans ([Table 2](#table002){ref-type="table"}) with mean values varying between samples (P≤0.05); especially defrosted argentine red shrimp shows in [Table 1](#table001){ref-type="table"} the lowest content (39 *vs*. 45 and 42 mg/100 g; P≤0.001). In cuttlefish, the levels of TVB-N started from a basal level of 14 mg/100 g in fresh samples and raised to 30.7 mg/100 g at the onset of deterioration ([Table 2](#table002){ref-type="table"}), with the mean result significantly lower in defrosted samples than in fresh one ([Table 1](#table001){ref-type="table"}: 26 *vs*. 38 mg/100 g; P≤0.001). However, the basal values of TVB-N observed in fresh specimens (30 mg/100 g in crustaceans and 14 mg/100 g in cuttlefish) were similar to those obtained in other studies (Sykes *et al.*, [@ref24]; López-Caballero *et al*., [@ref16]) and the level of 30 mg/100 g in shrimp is usually found in high-quality fresh crustacean (López-Caballero *et al*., [@ref16]).

Biogenic amines and BAI cannot represent in crustaceans indicators of spoilage as the levels resulted generally not detected and only putrescine is observable in a phase of high alteration. Instead, in cuttlefish, both putrescine and cadaverine can represent indicators of freshness as they present mean values significantly (P≤0.001) higher in samples at the onset of decay (score 1 of sensory evaluation) than in those just acquired (17 and 5 mg kg^-1^ *vs*. 2.3 and 0.4 mg kg^-1^, for putrescine and cadaverine respectively; [Table 2](#table002){ref-type="table"}). Both putrescine and cadaverine increase over time but while cadaverine shows a gradual and moderate growth, putrescine has a sudden and wide raise at score 2 of organoleptic evaluation (significant decay) ([Figure 2](#fig002){ref-type="fig"}).

Also TVB-N shows a gradual and continuous increase over time, with higher mean values observable in crustaceans than in cephalopods ([Figure 1](#fig001){ref-type="fig"}).

The correlation coefficients were all positive and close to 1.

As for biogenic amines, agmatine has been proposed as a freshness indicator of cuttlefish (Sepia officinalis) (Vaz-Pires et al. [@ref25]) and several squid species stored in ice (Todarodes pacificus, Todaropsis eblanae, Illex coindetii) (Inaba *et al*., [@ref13]; Paarup *et al.*, [@ref18]; Vaz-Pires *et al*., [@ref25]; Zhao *et al.*, [@ref30]). On the other hand, putrescine alone or biogenic amine index were proposed as markers of squid decomposition (Paarup *et al.*, [@ref18]; Prester *et al.*, [@ref19]). For crustaceans, putrescine has been found as the best indicator of decomposition for Penaeid shrimp and Norway lobster (*Nephrops norvegicus*) stored at a wide range of temperatures. Levels of putrescine at 3 and under 7 mg kg^\_1^ in shrimp and Norway lobster have been proposed as thresholds for human consumption, respectively (Benner *et al*., [@ref5]; Prester *et al.*, [@ref19]). The production of cadaverine followed a pattern similar to that of putrescine in several shrimp species (Benner *et al.*, [@ref5]; Shakila *et al.*, [@ref22]).

In respect to the poor data available in literature, in this study different limits of freshness acceptability were found both for crustaceans and cephalopods. Indeed, some authors suggest value of 30 mg/100 of TVB-N in shrimp and lobster against the obtained limit of 42 mg/100 g. Other authors suggest levels of 3 and under 7 mg kg^-1^ for putrescine in crustaceans as limits of acceptability, while the results found in our study are useless, since putrescine (as cadaverine, tyramine and histamine) was not detectable.

For cephalopods, a limit of acceptability of 42 mg/100 g of TVB-N emerges from this study, while no limits are suggested in literature. Instead, we are in agreement with some authors to propose biogenic amines as indicators of freshness, both for putrescine alone and BAI.

Tyramine and histamine contents have not been detected at any stage, in both crustaceans and cuttlefish, while spermidine was rarely found, especially at low levels in conditions of advanced decay. Instead, spermine has always been detected, both in crustaceans and in cephalopods, with values that do not show significant increases over time (means ± standard errors: 4±0.02 mg kg^-1^ in crustaceans and 19±0.06 mg kg^-1^ in cephalopods).

Finally, from this paper it emerges that BAI cannot be used as an indicator of freshness in crustaceans, as putrescine, cadaverine and histamine are always not detected, except for putrescine in conditions of advanced decay. For cuttlefish instead, a BAI of 1 can be set as a limit of acceptability.

Conclusions {#sec1-4}
===========

In this study, high significant differences were observed between values of TVB-N and biogenic amines, in crustaceans and cuttlefish. Defrosted products show generally lower values of both TVB-N and biogenic amines than fresh ones. Biogenic ammines show generally moderate contents in cephalopods and even not detectable in crustaceans that become potentially high only in case of advanced decay. Therefore, crustaceans and cephalopods do not represent from this point of view a hazard for consumers, since the accumulation of biogenic amines in fishes is involved in nitrosamine formation, known as carcinogens (Sen *et al.*, [@ref21]; Yurchenko and Mölder, [@ref28]). Furthermore, biogenic amines subjected to heat may also form nitrosatable amines. Putrescine and cadaverine, which are commonly found in decomposed fish and shellfish, may generate N-nitroso compounds, nitrosopyrrolidine (NPYR) and nitrosopiperidine (NPIP), respectively (Al Bulushi *et al*., [@ref2]; Yurchenko and Mölder, [@ref28]).

Finally, from this work it is possible to set limits of freshness acceptability of 42 and 30 mg/100 g of TVB-V, respectively for crustaceans and cephalopods while 17 mg kg^-1^ of putrescine and 5 mg kg^-1^ of cadaverine can be set only for cephalopods.

In conclusion, considering that fish and shellfish are highly perishable and since the deterioration in the quality of shellfish is species specific and highly temperature and time dependent, further investigations are needed to find the right indicators of decomposition for crustaceans and cephalopods.
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###### 

Total volatile basic nitrogen (TVB-N), putrescine and cadaverine values in crustaceans and cuttlefish just purchased and at the onset of organoleptic alterations.

  Time               Parameters, specimen             TNB-N (mg/100 g)   Putrescine (mg/kg)   Cadaverine (mg/kg)                   
  ------------------ -------------------------------- ------------------ -------------------- -------------------- ----- --------- -----
  Just purchased     Fresh rose shrimps               34^A^              0.7                  0                    0     0         0
                     Defrosted argentine red shrimp   34^A^              0.7                  0                    0     0         0
                     Frozen Norway lobster            18^*B*^            0.7                  0                    0     0         0
                     Fresh cuttlefish                 15^A^              0.7                  2                    0.5   1^A^      0.3
                     Defrosted cuttlefish             13^B^              0.7                  3                    0.8   0^B^      0
  Alteration onset   Fresh rose shrimps               45^aA^             1                    0                    0     0         0
                     Defrosted argentine red shrimp   39^b*B*^           1                    0                    0     0         0
                     Frozen Norway lobster            42^c*A*^           1                    0                    0     0         0
                     Fresh cuttlefish                 38^*A*^                                 15^*A*^              0.7   11^*A*^   0.7
                     Defrosted cuttlefish             26^*B*^                                 19^*B*^              0.5   1^*B*^    0.5

SE, standard error. ^abc^Significant differences with P≤0.05; ^ABC^significant differences with P≤0.01; ^*ABC*^significant differences with P≤0.001.

###### 

Differences of levels of total volatile basic nitrogen (TVB-N), putrescine and cadaverine between crustaceans and cuttlefishes.

  Fishes                            Parameters, specimen (mg/100 g)   Putrescine (mg/kg)   Cadaverine (mg/kg)                
  -------------- ------------------ --------------------------------- -------------------- -------------------- ----- ------ -----
  Crustaceans    Just purchased     29.3A                             1.0                  0.0A                 0.0   0.0    0.0
                 Alteration onset   41.9B                             0.6                  0.0A                 0.0   0.0    0.0
  Cuttlefishes   Just purchased     14,3B                             0.3                  2.3A                 0.5   0.4A   0.2
                 Alteration onset   30.7A                             1.1                  17.1B                0.5   4.8B   0.8

^ABC^Significant differences with P≤0.01; ^*ABC*^significant differences with P≤0.001.
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